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LETTER TO THE EDITOR
Defining lipids and T cell receptors involved 
in the intrinsic allergenicity of nut proteins
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Frederic Beaudoin4 and Marcos J. C. Alcocer1
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zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
To the Editor
What makes a protein allergenic, and in particular a 
food allergen, has not yet been defined. Previously, using 
model systems, it has been shown plant lipids have an 
essential role in the allergenicity of the Brazil nut aller-
gen Ber e 1 and NKT-like cells are involved in the sensi-
tisation phase to nut proteins [1–3]. Further progressing 
investigation of these findings we hereby share details 
of work to improve and optimise protocols for isolation 
of lipid responsive human NKT-like cells, sequence and 
express lipid-binding T cell receptors (TCRs) and use 
these TCRs to screen Brazil nut lipid fractions.
Primary NKT cells (CD3+, CD56+) from 4 allergic and 
2 healthy human volunteers, were targeted by FACS. The 
NKT cells were challenged with lipids, active cells indi-
vidually sorted and α/β and γ/δ TCR sequences ampli-
fied. The lipid-activated specific populations of TCRs 
were then identified, sequenced and cloned into expres-
sion constructs for use in the in-vitro system shown in 
Fig. 1. The CD3 + CD56 + lymphocytes were co-cultured 
with 5  µg/ml controls (without lipid or α-GalCer ) or 
1 × 106 lipid-mixture loaded APC cells (MUTZ3) as pre-
viously described [4]. Single CD3 + CD56 + CD69 + high 
cells were isolated by FACS and TCR pairs sequenced 
and characterised as described [5, 6]. From this screening 
around 103 pairs of TCR DNA sequences were obtained 
that were analyzed and classified against human TCR 
sequence libraries using the IMGT/V-QUEST website.
From the 103 pairs of sequences, some containing the 
Jα-33 marker for MAIT cells, three TCR pair sequences 
(1 α/β and 2 γ/δ) were identified within the nut group 
that were not present in the controls. These 3 TCR pairs 
were cloned into acceptor bidirectional plasmids as pre-
viously described [4], named as pMJA290, pMJA295 
and pMJA297 and filed into Genbank as MK764035, 
MK764036, MK764037. In an attempt to detect the func-
tions of these 3 TCRs, a plasmid (pMJA219) containing 
the α-GalCer responsive human TRAV10 and TRBV25 
sequences was constructed. The α/β TCR sequences used 
in pMJA219 (TRAV10/TRBV25) design have been previ-
ously described as α-GalCer-specific using lipid loaded 
tetramers [4]. pMJA219 (TRAV10/TRBV25) containing a 
synthetic TCR sequence specific to α-GalCer was used as 
control.
To investigate which lipid(s) were recognized by the 
TCR sequences from allergic patients, nut lipids were 
fractionated in three major classes: neutrolipids (NL), 
glycolipids (GL) and polar lipids (PL) as described [7]. 
These lipid classes were further fractionated by thin 
layer chromatography (TLC). 9 TLC fractions were iso-
lated from the PL class (Fig. 2a) and preparative solutions 
individually loaded onto MUTZ3 cells for presenta-
tion in co-culture to T cells transiently transfected with 
pMJA290, pMJA295 and pMJA297 plasmids. As shown 
in Fig. 2b, in transient Jurkat 76 transfection experiments 
[4] expressed TCRs from pMJA295 and 297 loaded 
with lipids from fraction PL5, PL6, PL7 and PL8 from 
Brazil nut preferentially activate the surrogate T cell 
with release of IL-2. These two TCR plasmids induced 
increased IL-2 expression in response to nut lipids but 
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no TCR and no lipid treatment controls (Fig. 2b: J76/no 
lipid). In these lipid screening experiments 2 × 105 surro-
gate T cells were transfected with 1 µg plasmid carrying 
one of the TCR sequences and co-cultured with 2.5 × 104 
APCs loaded with 5  µg/ml Brazil nut polar lipids frac-
tions. Data were analysed using Microsoft Excel.
Brazil nuts contain over 70% (wt/wt) oil mainly com-
posed of triacylglycerol molecules (TAG) with phospho-
lipids (PLs) representing less than 1% of total nut lipids. 
Furthermore, fractions PL5-8 are minor components of 
Brazil nut PLs which are dominated by 4 lipids visual-
ized as bands PL1-4 on TLC (Fig. 2a). The composition of 
these fractions was investigated by Electrospray Ionisa-
tion-tandem Mass Spectrometry (ESI-MS/MS) using an 
accurate mass Orbitrap instrument and molecular struc-
ture database.
pMJA295 and 297 TCRs displayed stronger activa-
tion with PLs in fractions PL5-PL8 but only the response 
to PL8 was statistically significant. PL8 is enriched in a 
single molecular species detected both as a free form 
(m/z 714.5563, C41H79O7P) and as a lithium adduct 
(m/z 721.5718, C41H79O7PLi). The identity of this 
compound was investigated using two molecular struc-
ture database search tools: http://www.lipid maps.org/
resou rces/tools /bulk_struc ture_searc hes.php?datab 
ase=LMSD and http://alex1 23.info/ALEX1 23/MS.php. 
Two compounds were consistently suggested depend-
ing on the positive neutral or negative detection mode: 
Fig. 1 Procedure overview. Overview of the multiplex PCR protocol employed for the separation and characterisation of 
CD3 + CD56 + CD69 + high NKT-like lymphocytes responsive to lipids. PBMC from volunteers (healthy-Medical School Ethics BS25062015 
and allergic Nottingham Health Science Biobank (Ethics: ACP223)) were co-cultured with lipid loaded MUTZ3. TCRs from single 
CD3 + CD56 + CD69 + high cells were FACs isolated, sequenced [5, 6], and cloned into expression plasmids [4]. Jurkat 76 cells were then transfected 
for functionality tests as previously described [4]
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glucosylceramides HexCer(34:2) (C40H75NO9) in posi-
tive [M + H] + and HexCer(t34:1) (C40H77NO9) in 
negative [M-H]- modes or an ether phosphatidic acid 
compound PA(O-38:2) (C41H79O7P) in neutral mode. 
Comparison with molecular markers suggests the posi-
tion of PL8 on TLC is more compatible with an ether 
lipid molecule than glucosylceramides.
These results suggest specific classes of nut lipids might 
be involved in activation (CD69+) of CD3 + CD56 + cells 
from nut-allergic patients and that α/β and γ/δ TCRs 
sequences such as pMJA297 and 295 might be involved 
in the lipid recognition. These results complement pre-
vious findings that Ber e 1 can accommodate one lipid 
molecule (stoichiometry 1:1;  Kd of 5.6 ± 0.1 µM) as dem-
onstrated in ANS titration and NMR exchange experi-
ments [1, 8]. However, whether the lipids described here 
are bound to Ber e 1 remains to be demonstrated.
Although exciting, these results are preliminary and do 
not unequivocally demonstrate the nut lipid identified is 
the differentiating factor between a protein (Ber e 1) able 
to sensitise and an inactive one. However, taken together 
these results further support our initial hypothesis that 
natural plant lipid might play an essential role in the 
intrinsic allergenicity of the nut major allergen Ber e 1.
The putative active lipids described here, the campoth-
ecin cross-linked lipid described for Pru p 3 [9] and the 
collective lipid ligands described in many other systems 
and reviewed elsewhere [10] are now essential com-
ponents of the discussion on intrinsic allergenicity of 
proteins.
In conclusion, we improved and optimised protocols 
for the isolation of lipid responsive human NKT-like 
cells, sequenced and expressed lipid binding TCRs and 
used these TCRs to screen Brazil nut lipid fractions. The 
results from this study help to characterise the intrinsic 
factors linked to Ber e 1 allergenicity and to define what 
makes a common protein within a food matrix context, 
allergenic to a particular group of susceptible individuals.
Fig. 2 Fractionation of Brazil nut polar lipid (PL) by TLC (a) and in vitro TCR specific activation (b). IL-2 release of co-culture containing MUTZ3 
and pMJA219 (TRAV10/TRBV25), pMJA290, 295 and 297 Jurkat 76 (J76) transient sequences experiments using nut lipid fractionated polar lipids 
(PL). Molecular standards on TLC: PC: Phosphatidylcholine; PE: Phosphatidylethanolamine; PG: Phosphatidylglycerol; PA: Phosphatidic acid; PS: 
Phosphatidylserine; DGDG: Digalactosyl Diacylglycerol. The identity of PL1, PL2 and PL3 as PC, PI and PE respectively was confirmed by ESI-MS/MS. 
All experiments were set up in triplicate wells and repeated three times. Error bars indicate standard deviation. P values indicate significance level as 
assessed by T test (*p < 0.05)
Page 4 of 4Wang et al. Clin Transl Allergy           (2020) 10:54 
•
 
fast, convenient online submission
 •
  
thorough peer review by experienced researchers in your field
• 
 
rapid publication on acceptance
• 
 
support for research data, including large and complex data types
•
  
gold Open Access which fosters wider collaboration and increased citations 
 
maximum visibility for your research: over 100M website views per year •
  At BMC, research is always in progress.
Learn more biomedcentral.com/submissions




RW and MJCA designed the project. AG executed the initial part and RW most 
of the molecular tasks of the project. FB, RB and LVM were responsible for the 
MS data and analysis. RW, MJCA and FB. prepared the first draft of the manu-
script. SC and LF helped on the revision. All authors revised the manuscript. All 
authors read and approved the final manuscript.
Funding
A.G. has been financially supported by a research grant (534231) from Unile-
ver, hence the execution of the work has been partially funded and the final 
article for publication reviewed by Unilever. F.B. was supported by the BBSRC 
as part of the Tailoring Plant Metabolism Institute Strategic Program grant (BB/
P012663/1).
Availability of data and materials 
The datasets used and/or analysed during the current study are available from 
Dr Rui Wang (ruiwang316@outlook.com) on reasonable request.
Ethics approval and consent to participate
The study protocol was approved by both the University of Nottingham 
Faculty of Medicine & Health Sciences Research Ethics Committee (Reference 
BS25062015) and Nottingham Health Science Biobank Ethics (Reference 





The authors declare that they have no competing interests.
Author details
1 School of Biosciences, University of Nottingham, Sutton Bonington Campus, 
Loughborough LE12 5RD, UK. 2 School of Life Sciences, University of Notting-
ham, Nottingham NG7 2RD, UK. 3 Unilever Safety and Environmental Assur-
ance Centre (SEAC), Colworth Science Park, MK44 1LQ Sharnbrook, UK. 4 Plant 
Sciences Department, Rothamstead Research, Harpenden AL5 2JQ, UK. 
Received: 16 July 2020   Accepted: 3 November 2020
References
 1. Mirotti L, Florsheim E, Rundqvist L, et al. Lipids are required for the 
development of Brazil nut allergy: The role of mouse and human iNKT 
cells. Allergy Eur J Allergy Clin Immunol. 2013;68(1):74–83. doi:https ://doi.
org/10.1111/all.12057 .
 2. Kean DE, Goodridge HS, McGuinness S, Harnett MM, Alcocer MJC, Har-
nett W. Differential Polarization of Immune Responses by Plant 2S Seed 
Albumins, Ber e 1, and SFA8. J Immunol. 2006;177(3):1561–6. doi:https ://
doi.org/10.4049/jimmu nol.177.3.1561.
 3. Dearman RJ, Alcocer MJC, Kimber I. Influence of plant lipids on immune 
responses in mice to the major Brazil nut allergen Ber e 1. Clin Exp Allergy. 
2007;37(4):582–91. doi:https ://doi.org/10.1111/j.1365-2222.2007.02689 .x.
 4. Wang R, Pscheid R, Ghumra A, et al. Towards a surrogate system to 
express human lipid binding TCRs. Biotechnol Lett. 2019;41(10):1095–104. 
doi:https ://doi.org/10.1007/s1052 9-019-02713 -2.
 5. Dash P, Wang GC, Thomas PG. Single-cell analysis of T-cell receptor 
αβ repertoire. Immunosenescence. 2015;1343:181–97. https ://doi.
org/10.1007/978-1-4939-2963-4.
 6. Guo XJ, Dash P, Calverley M, Tomchuck S, Dallas MH, Thomas PG. Rapid 
cloning, expression, and functional characterization of paired αβ and γδ 
T-cell receptor chains from single-cell analysis. Mol Ther -Methods Clin 
Dev. 2016;3:15054. doi:https ://doi.org/10.1038/mtm.2015.54.
 7. Ruiz-Lopez N, Usher S, Sayanova OV, Napier JA, Haslam RP. Modifying the 
lipid content and composition of plant seeds: engineering the produc-
tion of LC-PUFA. Appl Microbiol Biotechnol. 2015;99:143–54. doi:https ://
doi.org/10.1007/s0025 3-014-6217-2.
 8. Rundqvist L, Tengel T, Zdunek J, et al. Solution structure, copper binding 
and backbone dynamics of recombinant Ber e 1-the major allergen from 
Brazil Nut. PLoS ONE. 2012;7(10):1–11. doi:https ://doi.org/10.1371/journ 
al.pone.00464 35.
 9. Cubells-Baeza N, Gómez-Casado C, Tordesillas L, et al. Identification of the 
ligand of Pru p 3, a peach LTP. Plant Mol Biol. 2017;94:33–44. doi:https ://
doi.org/10.1007/s1110 3-017-0590-z.
 10. Jappe U, Schwager C, Schromm AB, et al. Lipophilic allergens, different 
modes of allergen-lipid interaction and their impact on asthma and 
allergy. Front Immunol. 2019;10:122. doi:https ://doi.org/10.3389/fimmu 
.2019.00122 .
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.
